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(1) (2) A A $=4\pi\lambda_{L}^{2}/c^{2}$ $c$
$\kappa$
$\kappa=\lambda_{L}/\xi$ (4)
(1) $\kappa>1/\sqrt{2}$ (2) $h’<1/\sqrt{2}$
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$=$ $- \frac{h^{2}}{2\uparrow n^{*}}\sum_{<i_{\dot{J}>}},(\Psi i\Psi_{jj}*-\Psi*\Psi)i+$ constant




$i=(i_{x}, i_{y})$ $\triangle\theta_{ij}$ $i,$ $j$
-Jo $J0=h^{2}n_{\mathrm{s}}/2m^{*}$ $n_{\mathrm{s}}$
$n_{\mathrm{s}}=|\Psi|^{2}$




$A_{ij}=(2e^{*}/ \hslash c)\int_{i}^{j}\mathrm{A}\cdot d1$ (6) $(\triangle\theta_{ij})arrow$
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(9) $T_{\mathrm{I}<\mathrm{T}}$ Kosterlitz-Thouless $(\mathrm{K}\mathrm{T})$
[1] $T_{1<\mathrm{T}}$ – ( 2




$=0$ $(T>T\iota\backslash ’\mathrm{T})$ (11)
$-(\hslash/2e^{*})I\Sigma_{<}ij>_{\mathrm{I}}|I\triangle\theta_{ij}$ (9)
. $U^{*}=U-(\Phi \mathit{0}/c)Ir$
$U_{\max}^{*}$ $<ij>||I$ (x- )
$\mathrm{a}$, ‘-,j $\Gamma\propto e^{-U_{\max}/}’ k_{\mathrm{B}}\tau$
$??f$
$n_{f}=\Gamma^{1/2}\propto IUl\mathrm{m}\mathrm{a}\mathrm{x}/2k\mathrm{B}\tau$ . (12)
$n_{f}$
$R=V/I=2\pi\xi^{2}R_{n}n_{f}\propto 2\pi\xi 2R_{n}IU_{\max}*/2k_{\mathrm{B}}T$ . (13)
2 - (I-V)

























$\langle\eta_{ij}(t)\eta ij(t^{;})\rangle=(2T/R_{N})\delta(t-t’)$ . (19)
$\theta_{ij}$
$\sum_{j}I_{ij}=\{$
$I$ , on the edge site of $x=1$ ,





(9) $-(20)$ $\mathrm{N}_{\mathrm{a}\mathrm{r}\mathrm{r}\mathrm{a}\mathrm{y}}$ ( :
$N_{\mathrm{a}11\mathrm{a}\mathrm{y}}.)$
$\frac{hd\theta_{i}}{2e^{*}dt}=R_{N}\sum_{j}G_{i^{j}}[\frac{2e}{h}\frac{\partial \mathcal{H}_{2\mathrm{D}}}{\partial\theta}+\sum_{\hat{\mu}}\eta j,j+\hat{\mu}]$. (21)
$G_{ij}$ 2 $-\sqrt[\backslash ]{}$ $\eta j,j+\hat{\mu}$
(21) V $\mathrm{x}N_{y}$ 2
I-V
$\langle V\rangle=-\frac{1}{N_{\mathrm{a}1\mathrm{T}\mathrm{a}\mathrm{y}}}\sum_{|<ij>|i}\frac{2e^{*}}{h}J_{0}\langle\sin(\theta i-\theta j)\rangle_{t}+I$. (22)
$\langle\cdots\rangle_{t}$
2 $(O(\triangle t^{2}))$ [3]
$\triangle t=0.01(h/2e^{*})/(R_{N}I_{0})$ $=\text{ }-$ $10^{4}$
$(1.5-3)_{\mathrm{X}}105$




– 2 $\cross 10^{6}$










$T=T\iota\langle \mathrm{T}$ $l$ $\mathrm{K}\mathrm{T}$























2 ( : $N_{x}\cross N_{y}=8\cross 8$) $\mathrm{S}\mathrm{L}$





$4$ . (1) Calculated I-V characteristics for various temperatures at $f=0$ .
(2) Temperature dependence of the exponent $\alpha$ .
4 (1) $\chi^{2}- \mathrm{f}\mathrm{i}\mathrm{t}$ 4 (2) I-V ( ) $\alpha$




$5$ . Coexistence of power-law behaviors.
(1) Calculated I-V characteristics for various temperatures at $f=0.012$ .
(2) Calculated magnetoresistance for various temperatures at $I/I_{\mathit{0}^{=}}0.\bm{5}$ .
I-V 5 (1)
$f=$ 0.012 $-\text{ }$
I-V
$\alpha$ ( ) $f=0.02$
I-V $(f\ll 1)$
I-V $\mathrm{K}\mathrm{T}$ relavant
$\alpha$ ( $-$ ) $f$
$V\propto I^{\alpha(\tau_{f)}}’$ . (25)











$\alpha_{0}$ $f_{0}$ $T$ $f=0$ $T$
(15) $\alpha_{0}\propto T^{-1}$




$6$ . Logarithmic dependence of the power-law exponent $\alpha$ on frustration $f$ .
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$7$ . Calculated thermally averaged vortex density $n_{v}$ as a function of $f$ with
solid symbols. For comparison, we plotted values of the corresponding voltage








8(1) (2) I-V $\alpha$ $\beta$
temperature $\mathrm{k}_{\mathrm{B}}\mathrm{T}/\mathrm{J}_{0}$ temperature $\mathrm{k}_{\mathrm{B}}\mathrm{T}/\mathrm{J}_{0}$
(1) (2)
$8$ . Temperature dependence of power-law exponents $\alpha$ and $\beta$ .
(1) The current power-law exponent $\alpha$ as a parameter of $f$
(2) The field power-law exponent $\beta$ as a parameter of $I$
$f=0$ $\alpha(T, f=0)$ $\alpha=3$
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